ABSTRACT. This paper presents a multicriteria decision model for selecting a portfolio of information system (IS) projects, which integrates strategic and organizational view within a multicriteria decision structure. The PROMETHEE V method, based on outranking relations is applied, considering the c-optimal concept in order to overcome some scaling problems found in the classical PROMETHEE V approach. Then, a procedure is proposed in order to make a final analysis of the c-optimal portfolios found as a result of using PROMETHEE V. Also, the organizational view is discussed, including some factors that may influence decision making on IS projects to be included in the portfolio, such as adding the company's strategic vision and technical aspects that demonstrate how IS contributes value to a company's business.
INTRODUCTION
One of the most difficulties issues when selecting information system (IS) or information technology (IT) projects is to evaluate benefits. Using a limited vision of financial gains can have a serious adverse effect on this analysis. Besides the difficulty of measurement, amongst the main aims of an IS project, there are aims other than financial issues. For instance, to be considered satisfactory, a project should support objectives in the strategic vision of the organization (Doherty et al., 1999; Min et al., 1999; Hackney & Little, 1999).
To make sure that the ISs selected support strategic objectives, the planning of ISs should be aligned with the strategic planning of the organization. Besides the strategic criteria, other criteria have a strong influence on the ISs selection. Jiang and Klein (1999) were among the first to address the strategic issue related to selecting an information system portfolio, by regarding this as a problem that evolves various stages, including the evaluation and selection of alternatives. These characteristics make it more difficult to make decisions on allocating resources in the IS environment.
*Corresponding author Federal University of Pernambuco, Cx. Postal 7462, 50630-970 Recife, PE, Brazil. E-mails: jonatasaa@yahoo.com.br; almeidaatd@gmail.com; apcabral@hotmail.com
Previous work related to IS project selection
Profit in the short term is an objective common to organizations, when they analyze their portfolio of IS projects. On the other hand, an approach, that aligns evaluating ISs projects to the organization's strategy, facilitates the measurement of the benefits from investments in ISs (Teo et Taking this into account some studies have given different results for the efficiency of IS investments. According to Zopounidis (1999) , the financial analysis should be inserted into a general context, and thus be one of the criteria considered in decision making, so that the relative importance of each criterion can be considered.
The traditional approaches to making a financial assessment of investments seek to satisfy only the management's objectives. Milis & Mercken (2004) state that an IS investment project is usually a group decision, and each decision maker (DM) has a group of criteria, which each DM evaluates in line with the importance he/she gives it. It is desirable to have the cooperation of these decision makers, which can be reached by incorporating the critical factors that may affect them into the decision making process.
Angelou & Economides (2008) proposed a multicriteria model based on the Analytic Hierarchy Process (AHP) method so as to prioritize information and communication technology projects. Chen & Cheng (2009) assert that this uncertainty involves business goals, benefits, project risks and limited available resources, and they proposed a multicriteria model based on fuzzy measurement and the fuzzy integral. Each IS project has different benefits that have to be considered in the selection process. According to Mehrez et al. (1993) , Zopounidis (1999) and Lee & Kim (2000) , this characteristic associated with the cost of each project and the budget available to select them makes selecting an IS project a multicriteria portfolio selection problem.
It seems more appropriate to adopt a multicriteria methodology that works with the portfolio problematic to support IS investments, considering that its characteristics is very much associated with the various levels of the organization and the criteria involved. Schniederjans & Santhanam
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(1993) discuss the importance of tackling IS project selection as a portfolio selection problem instead of one that prioritizes IS projects. Klapka & Pinos (2002) proposed a method to consider this interdependence amongst IS projects with a portfolio selection approach using an additive multicriteria decision model that considers the synergy amongst projects in the value function of the portfolio and in the constraints equations when appears mutually exclusive IS projects appear. Also, Schniederjans & Santhanam (1993) demonstrated an application of a multicriteria portfolio approach and a multicriteria ranking approach, comparing both results and showed that the portfolio approach reaches a better global result.
Multicriteria Model for Selecting IS Integrated with an Organization's Processes
Among the methodologies of IS planning presented in the literature, this paper concentrates on the methodology called Business System Planning (Almeida et al., 1992) . In this methodology, setting out from the Strategic Vision of the organization, Information System Modules (ISMs) are determined which are structured out of a matrix segmentation of two viewpoints in order that information can be brought together, namely the Cluster of Information Systems (CIS) and an Information System Functional Approach (IFA). In a version adapted from BSP methodology (Almeida et al., 1992 (Almeida et al., , 1999 Almeida & Costa, 2002) , under the first viewpoint (CIS), pieces of information are clustered together in accordance with their nature. More specifically, an attempt is made to segment the information related to processes which also take into account classes of data. In the case of IFA, what is used, basically, is the paradigm proposed by Sprague and Watson (1989) and IFA takes into consideration the three basic approaches to information systems, viz., Transactional Information Systems (TIS), Management Information Systems (MIS) and Decision support systems (DSS) in addition to which there are: Executive Information Systems (EIS) and Automation of Production Systems (APS).
Modularization, then, consists of cross-matching each CIS with each of the IFAs, thus obtaining the Information System Modules (ISMs). These can be visualized by means of a matrix, in which each column is associated with a CIS and each row, with an IFA. Thus the resulting cells correspond to the ISMs.
The literature provides the evidence to show that for an organization to take the correct decision on the investment in ISs, what is of fundamental importance is integration between the organization's strategic vision and the planning of ISs in the most complete manner possible (Pollalis, 2003; Kearns & Lederer, 2004 ).
In addition to needing to transfer the business strategy to IS applications, organizations are faced with the problem of, after having identified the most appropriate ISs and constructed the portfolio of IS projects, having to define the order of implementation of these projects in view of the limitation on resources, which, in effect, represents the investment decision in ISs. Nevertheless, this scenario with its rapid and frequent changes increases the risks of investments in ISs going wrong. It is a fact that the changes in the environment usually imply changes in the direction of the business, and this can result in alterations to IS projects which were initially selected as having priority, thus compromising or making the investment decision unviable. Due to these variations, the processes of selecting ISs and how to decide on investment are extremely important stages in the planning process and in the case of BSP methodology no formal procedure is defined to support the prioritization stage of Information System Planning.
As mentioned previously, the BSP methodology allows, based on the company's strategic vision, Information Systems Projects or ISMs to be compiled, but it does not provide a formal procedure to select from among these ISMs the one(s) that will be implemented. As per the literature (Jiang & Klein, 1999; Zopounidis, 1999; Bernroider & Stix, 2006) , the ISMs selecting process should be addressed as a multicriteria decision problem. Hence, in order to make it possible to apply a multicriteria approach in compiling the BSP, so as to select ISMs, a model is put forward for obtaining the evaluation of each ISM in the light of each criterion defined for the selection processes. All ISM selection processes should be conducted by an information analyst who should interview the decision-maker to identify his/her preference for results from the ISM selection processes. The decision-maker is a business manager.
The process of selecting ISMs is based on classifying modules by means of identifying the decision-maker's intensity of preference for one ISM rather than another, based on his/her judgment in relation to criteria, principally including the vision of the organizational processes, directly associated with the Strategic Management of the Organization.
The result of applying the decision model to the selection is directly obtained from the structure of the ISMs. At a preliminary selection stage, evaluations should be obtained for the ISMs, for each criterion. As seen in a matrix, m CISs and r IFAs are considered, corresponding to a total of z ISMs, such that z = m.r.
In order to structure the selection model which incorporates the PROMETHEE V method, basically three pieces of information will be obtained from the decision-maker.
The decision-maker establishes the relative weights for the criteria, and the general criterion to establish his/her intensity of preference between the alternatives for each criterion. The decisionmaker further establishes the parameters associated with each general criterion: the limit of preference (p) and the limit of indifference (q). The general criteria, the weights of the associated criteria and parameters, are items of information obtained directly from the decision-maker. The evaluation of each alternative for each criterion, within the context of the information systems Planning methodology used, has to be obtained from the structure as set out in the following items.
This information will be obtained through evaluating each ISM as a function of each criterion c, in the form of the matrix m i j , shown below. Each cell represents one ISM, by means of a combination of CISs (columns) and IFAs (rows).
The Model consists of obtaining an ISM matrix for each criterion. This Matrix is re-organized and presented in the form suitable for evaluation by the PROMETHEE V method.
Thus, evaluations will be obtained of the ISMs for each criterion, which will be represented by matrices in the following form, considering c criteria, m CISs and r IFAs: Using the Information System Planning methodology, three sets of criteria will be obtained:
• Strategic criteria
• Criteria of processes, and
The strategic criteria are obtained via strategic Planning, at a higher hierarchical level. The criteria for processes are obtained by evaluations of the processes, at a hierarchical level below the strategic criteria. The technical criteria are also at a lower level of the hierarchy, related to the types of information service used. By analyzing the degree of adherence of p processes to n strategic criteria, a definition is made of the matrix below which establishes a relation between the strategic criteria and the processes, such that p i=1 r i j = 1; for any j , and 0 ≤ r i j ≤ 1. The closer to 1 the r i j the greater is the adherence degree of the process to the strategic criterion.
Now what is obtained is the degree of relationship of the CISs with the p processes, defined by the matrix below, which is obtained based on the technical analysis in the Information Engineering stage:
in such a way that 0 ≤ ra i j ≤ 1; and m i=1 ra i j = 1, for any j . The closer to 1 the ra i j , the greater is the relationship degree of the CIS with the process.
After having established the ratios of processes v strategic criteria and CISs v processes, we shall transfer the evaluations of the processes in relation to the strategic criteria for the CISs, thus obtaining the evaluation of the CISs in the light of the strategic criteria.
The matrix below establishes the evaluation of the CISs based on each strategic criterion, this being obtained as follows:
where: 0 ≤ sg i j ≤ 1; and
Nevertheless, what we wish is to obtain not only the evaluation of the CISs for the strategic criteria, but the evaluation of the ISMs. As an ISM is the combination of CIS and IFA, we need to obtain the matrix which represents the degrees of participation of the IFAs in each CIS. The matrix below represents this participation, considering r i=1 ta i j = 1 for any j , and 0 ≤ ta i j ≤ 1:
In order to obtain the matrix mcij which supplies the evaluation of the ISMs for the strategic criterion c, the above matrix is used. The matrices m 
In which, the vectors g c j , for each criterion c, are defined, which correspond to the vectors which supply the evaluation of the CISs for each criterion c. The vector g c j corresponds to column c of the matrix sg i j , such that g c j = sg ic , for any i and j . Equally, the set of matrices m c i j for the criteria of processes must be obtained, for as previously mentioned, these criteria differ only from the strategic criteria on account of their nature and hierarchical level.
For each process criterion c, there will be a vector p c j , with the evaluation of the processes in accordance with the criterion c.
Using the matrix raij, described in the previous item, we transfer the evaluations of the processes, from the perspective of the criteria for processes to the CISs.
Thus the vector g c j is obtained as follows:
Similarly, m c i j is obtained by applying (2) to the criteria for processes. Thereafter, the set of matrices m c i j for the technical criteria should be obtained. The technical criteria take the IFAs into consideration in a different way from the strategic criteria and from those for processes which take the CISs into consideration.
For each technical criterion c, there will be a vector t c i , with the evaluation of the IFAs in accordance with the criterion c. It is observed that this evaluation is undertaken by a specialist in information systems, at the Information Engineering stage. 
at i j is the matrix, see below, which presents the degrees to which the CISs use each IFA, considering m j =1 at i j = 1 for any i, and 0 ≤ at i j ≤ 1:
. . .
The relative weight of all the criteria is represented by the vector c i , considering a total of d criteria, such that
Included among the d criteria are the n strategic criteria, the weights of which are represented by the vector e i , which are evaluated directly by the decision-maker. Thus, the first n elements of the vector c i correspond to the strategic criteria and are obtained from the vector e i , the d-n final elements of the vector c i also being directly evaluated by the decision-maker. The decision-maker will still have to establish a weighting factor (w f ) for the group of strategic criteria in comparison with the importance of the set of process and technical criteria, such that 0 ≤ w f ≤ 1.
The final weight of the strategic criteria in the vector c i , corresponding to the first n elements, will be given by: 
MULTICRITERIA SELECTION OF IS PORTFOLIO
This section presents an overview on previous work found on literature related to multicriteria portfolio. A focus is give to non-compensatory approach to multicriteria portfolio selection, showing the way to outranking methods and then considering the PROMETHEE V method. This leads to use of c-optimal portfolio concept in PROMETHEE V. Then, a procedure is proposed in order to implement this c-optimal portfolio concept, which is appropriate for an outranking method.
Previous work related to multicriteria portfolio
There are several multicriteria decision aid methods, which may be used for different kinds of decision problems or a distinct problematic. The PROMETHEE (Preference Ranking Method for Enrichment Evaluation) method, used in this paper, consists of constructing, a relation of outranking values (Brans et al., 1984; Brans & Vincke, 1985) . This is a method applied in a vast range of multicriteria problems (Behzadian et al., 2010).
The literature on multicriteria portfolio problems presents several different approaches to deal with portfolio when multiple criteria have also to be combined. Clemen & Smith (2007) deals with baseline issue related to additive models, which are specifically related to multicriteria compensatory rationality for portfolio. Although this paper is related to a non-compensatory rationality, using an outranking problem, it is interesting point out the problem described by Clemen & Smith (2007) . The baseline problem described in Clemen & Smith (2007) deals with a problem of baseline for multicriteria additive model, which uses an interval scale for the individual projects evaluation. In our paper we deal with an outranking approach, which uses the ratio scale for projects scores, which is rather different from the additive model case. In their case, of additive model, the zero of the scale means the worst performance in a given criterion (not performance zero). Therefore, when a project is not included in the portfolio, receiving value = 0, then, it is implicitly assumed that this results in the worst performance for all criteria.
On the other hand, the outranking method builds their scores for alternatives based on summation of weights, which is based on a ratio scale. That is, it does not compute the performance of outcomes of alternatives by criteria. Instead of that, this performance is applied to compare which alternative has a greater value in a pair-wise process. As it is usual in MCDM methods, the weights are obtained in a ratio scale. In this case, the zero means the absence of that property, while in the interval scale, for instance, the zero means a minimum value. An alternative with zero score in PROMETEE means that its outflow (positive flow) does have the same value as the inflow (negative flow), which is computed in equation (5) . The outflow is a measure related to the degree of outranking over all other alternatives and the inflow is a measure related to the degree in which this alternative is outranked by all other alternatives.
Since, the focus of this study is related to non-compensatory rationality for multicriteria portfolio selection, the following section considers the PROMETHEE V method, which leads to the c-optimal portfolio concept.
c-optimal portfolio concept for PROMETHEE V
For each criterion, the decision-maker must establish a weight p j which increases with the importance of the criterion for the DM. PROMETHEE can use six different ways to define how the decision-maker may represent his preferences, not necessarily using the same form for all the criteria. They are general criteria, used to indicate the intensity of the preference (Brans & Vincke, 1985) . PROMETHEE V is based on PROMETHEE II. In the PROMETHEE II method, the net flow of alternative i is obtained as follows:
where: φ + i is the outflow of alternative i, and φ − i is the inflow of alternative i.
The solution for PROMETHEE V (Brans & Mareschal, 1992 ) is obtained as follows:
where:
x i is a binary variable, indicating whether the project related to ISM i is included in the portfolio. However, a problem with this scaling transformation can be seen. First, the alternative with the minimum net flow would never be considered for the portfolio, since its net flow would be nil. This may suggest that the problem would be overcome, by adding an additional value, let us say ε, as follows:
Let k > |min i (φ i )| and the following transformation could be applied:
However, Almeida & Vetschera (2012) have shown that this is not enough, since the scaling change with (7) may also lead to recommending different portfolios. They have shown that different results may be obtained from (7) . That is, one can obtain different recommendation for portfolios depending on the value of the constant k. As shown by Almeida & Vetschera (2012) while linear transformations in the scaling of the net flows do not change the results for PROMETHEE II, they may change the results for portfolios in PROMETHEE V. This kind of transformation works adequately for evaluating the alternatives in PROMETHEE II, although it does not work for evaluating portfolios, where the value of the portfolio (P) depends on the number of alternatives in the portfolio.
To overcome this scaling problem we use the c-optimum concept for PROMETHEE V proposed by Vetschera and Almeida (2012). The c-optimum PROMETHEE V consists of solving the following model:
The model (8) consists of selecting the best portfolio with a number of c projects. Almeida & Vetschera (2012) have proved that the c-optimal portfolio for a given value of c remains the same for any value of the transformation parameter k for the formulation of the model (8) .
Comparison among these c-optimal portfolios has been pointed out by Almeida & Vetschera (2012) as a further issue to be considered. Therefore, we present in this paper a procedure in order to implement the c-optimal concept in PROMETHE V, which is subsequently applied to the IS portfolio selection.
A procedure for implementing the c-optimal portfolio concept in PROMETHEE V
Although Almeida & Vetschera (2012) has suggested the use of the concept of c-optimal portfolio, with regard to a procedure for its implementation, they have indicated as a further issue to be worked out. Therefore, a procedure is following proposed in order to make the comparison among these c-optimal portfolios, which will allow the implementation of this concept.
The above formulation assumes that one does not need to consider c-optimum portfolios with c < p, since these portfolios will not aggregate an overall value greater than the p-optimal portfolio (Almeida & Vetschera, 2012). Thus, they do not need to be considered for analysis. This is one of the reasons why the use of this concept of c-optimal portfolio is not cumbersome. Contrary to a first feeling one could take on this regard.
A procedure for comparing these c-optimal portfolios should take into account the rationality present in outranking methods, in order to be consistent with the PROMETHEE approach and therefore being appropriate for this application, assuming non-compensatory rationality. The proposition of such a procedure will depend of the number of portfolios to be compared.
The number of portfolios to be analyzed would be less that z − p, recalling that z is the maximum number of projects. It can be seen that the number of c-optimum portfolios to be compared decreases in probability as this number increases. This can also been seen by simulation.
In most cases, the p-optimal portfolio is the only feasible c-optimal portfolio, although when looking for the best portfolio one should still be concerned with the scaling problem. Thus, there is a reasonable probability that two portfolios will be found while finding three portfolios is less likely, but this is still reasonably plausible. That is, for many practical problems the number of portfolios to be compared may not be as huge as one might otherwise suppose.
Based on these considerations, a procedure is proposed for comparing these c-optimal portfolios. The idea is to choose the portfolio based on a concordance index of outranking between portfolios.
Let C(c, p) be the concordance index that the c-optimal portfolio outranks the p-optimal portfolio. The concordance index, C(c, p), is defined as the summation of weights of each criterion for which the summation of value of all alternatives in the c-optimal portfolio for this criterion is greater than the summation of value of all the alternatives in the p-optimal portfolio.
Let C(c, p) be the value of the c-optimal portfolio for criterion k, thus:
where: v ik is the value of project i for criterion k.
Thus, the concordance index that the c-optimal portfolio outranks the p-optimal portfolio is given by:
where: P p k is the value of the p-optimal portfolio for criterion k; and c k is he weight of criterion k.
Therefore, the procedure consists of choosing the portfolio with the greatest C(c, p), since C(c, p) > 0.5. If no concordance index is in accordance with the condition C(c, p) > 0.5, then the portfolio that will be chosen is the p-optimal portfolio. Thus, selecting the IS portfolio using the model from the previous section is obtained by applying the following procedure:
Step 1 -compute PROMETHEE V classical solution given by (6) , changing the scale as per Mavrotas et al. (2006) . Let p = the number of alternatives (projects) for this solution. Name this solution the p-optimal portfolio.
Step 2 -change the scale according to (7) and compute c-optimal portfolios by solving the model in (8) for c = p + 1, and then for increased values of c(c = p + 2, c = p + 3, . . .) as long as a feasible solution can be found.
Step 3 -compute the values of the p-optimal portfolio and of each c-optimal portfolio for each criterion k, by applying (9).
Step 4 -compute the concordance index that the c-optimal portfolio outranks the p-optimal portfolio −C(c, p), by applying (10).
Step 5 -compare each c-optimal portfolio with the p-optimal portfolio and chose the best one.
The use of this procedure is illustrated in the numerical application given in the next section. A discussion of the results shows some important issues related to the practical use of this procedure and the c-optimal concept.
NUMERICAL APPLICATION
The following numerical application is based on a real application that was conducted. Although the real data cannot be presented, the context of the problem, most of the characteristics described and the data may be considered realistic, since they are based on this real situation. The company where the study was conducted aggregates its experience in information technology and how it manages its computing data and resources, with the aim of meeting the demands formulated by the Public Administration of the State of Pernambuco. Within the range of Services it renders, it lists itself as being: the provider of a computerized telecommunications network; the provider of access to services and information; and the computing center for Services and information. As a result of the business analysis, the macro-processes of the organization were obtained. The relation of the processes with the business data resulted in Clusters of Information, presented in Table 1 , being emphasized.
IS System specification
Thereafter, a presentation of the evaluation of the macro-processes is obtained from the DM in the light of the strategic criteria. This corresponds to the DM's judgment of values, presented in Table 2 . This kind of information has some organizational and technical issues to be considered and usually the DM may be supported by IS/IT analyst.
In the following stage, the DM defined the criteria of the processes as follows:
a) the importance of automating the processes for the organization; and b) the user's understanding of, cooperation in and commitment to developing a system for automating the processes. Thereafter, the evaluation of the macro-processes in the light of the criteria for the processes is obtained from the DM. This expresses the DM's perception, shown in Table 3 . The combination of the CISs and the IFAs results in the applications which will comprise the IS portfolio, which are the ISMs, presented in Table 4 . Depending on the organization context, some IFAs cannot have any application in CIS. In that case for example, it does not make sense for the IFA Automation of Production Systems to be applied to CIS Planning. For this reason there are some blank lines in Table 4 . X X X X X X X X C I S I F A TIS (1) MIS (2) DSS (3) EIS (4) APS (6 In the following phase, the information analyst should establish a relation between the CISs and the processes. Having obtained the relations between the strategic criteria, processes and CISs, the evaluation of the processes in the light of the strategic criteria for the CISs will be transferred to ISM. Since what is desired is the evaluation not only of the CISs, but of the ISMs in the light of the strategic criteria, and as an ISM is a combination of CIS and IFA, one can obtain from the information analyst the matrix which represents the degree of participation of the IFAs in each CIS. In order to have relative weighting among the strategic, process and technical criteria, what is obtained from the decision-maker is a relative weighting between the group of strategic criteria and the other criteria, which in this case is 0.6 for the strategic criteria and 0.4 for the other criteria. Table 5 summarizes the final relative weighting of the criteria adopted. Having obtained the evaluations of the ISMs for all the criteria and the weighting of these, then a multicriteria method can be used to make the proper evaluation of IS/IT projects. The results shown in Table 6 can be input into a multicriteria method. Also, the cost for each project is given in Table 6 . It has been considered a budget of $6,596,700.
Now the application of the PROMETHEE V method with the c-optimum concept may be conducted.
c-optimum PROMETHEE V application
PROMETHEE presents six different forms of how the decision-maker may represent his/her preferences, not necessarily using the same form for all the criteria. For this application it was the first form related to the true criteria (Brans & Vincke, 1985) that was considered.
Applying PROMETHEE V and the c-optimum portfolio concept, by using the proposed procedure for comparing portfolios, two portfolios are found to be feasible in addition to the classical solution for PROMETHEE V. Table 7 shows the three c-optimum portfolios that can be alternative solutions for this problem. The second column of Table 7 shows the result of the first step of the proposed procedure (Section 3.3) for comparing portfolios. That is, the PROMETHEE V classical solution given by (6) , in which, c = p = 14. The third and fourth columns correspond to results of the second step. That is, the c-optimal portfolios by solving the model in (8) are given for c = 15 and c = 16.
Results of
Step 3, by applying (9) are shown in Table 8 .
Then, after applying Step 4, the following result is found: C(c15, p) = 0.67. By applying
Step 5, a recommendation is obtained for the c-optimal portfolio with c = 15. The results of Table 3 are also shown in Figure 1 , which allows a better visualization of the performance of portfolio C15 (with c = 15). It can be seen that portfolio C15 is the best for five criteria (C1, C2, C3, C4 and C5) and the worst for only one criterion (C7). The p-optimal portfolio is the best for two criteria (C6, C7). The portfolio C16 (with c = 16) is the worst for six criteria. Hence, for this particular problem only three possible portfolios are feasible and deserve further evaluation. This evaluation shows that one of the portfolios has is the best for five criteria and has the best overall performance comparing these three portfolios, with the procedure proposed, which can capture this issue, once it indicates a performance of C(c15, p) = 0.67, in a scale of 0 to 1.
Next section presents a discussion on the overall procedure proposed and also on this numerical application.
DISCUSSION OF RESULTS
As mentioned before there are a great amount of work related to multicriteria portfolio problems, although most of them are related to compensatory rationality, main of them related to additive models.
With regard to non-compensatory rationality the main method considered is the PROMETHEE V. It has been discussed a scaling problem related to this method, which requires the use of the c-optimal concept, although it has been pointed out by Almeida & Vetschera (2012) that a procedure in order to implement this concept still needs further issue to be developed.
A comparison between two multicriteria methods is based on an analysis of the axiomatic structure of these methods. Therefore, with regard to the PROMETHEE V method, applied in this paper and the additive model, which is often applied in portfolio problems the main issue to be considered is related to the kind rationality considered in both situations. The former is based on a non-compensatory rationality and the latter is based on a compensatory rationality. In this paper it has been assumed that the DM has a non-compensatory rationality. Another comparison issue between these two multicriteria approaches is that the additive model has stronger assumptions than PROMETHEE methods, which should require additional evaluation and checking with the DM, before implementation. It is worthy to recall that additive models require mutual preferential independence among all criteria. This should be carefully evaluated, since the additive aggregation model may incur in errors if this independence condition does not hold. Generally, the studies found in literature related to multicriteria additive models in portfolio do not mention this issue, which should be an important concern.
Additionally, with regard to additive multicriteria portfolio it should be observed the baseline problem pointed out by Clemen & Smith (2007) . If this issue is not observed inadequate solutions may be obtained in the standard procedure. On the other hand the PROMETHEE V method does not have this problem indicated by Clemen & Smith (2007) , although the scaling corrections due to negative scores, require the implementation of the procedure proposed in this paper, based on Almeida & Vetschera (2012) considerations.
From those results in the numerical application, two topics deserve discussion. The first is on the application of a new procedure for PROMETHEE V, considering the c-optimal concept. The second is the use of an integrated process view of the organization in order to evaluate IS projects.
With regard to the use of PROMETHEE V, the results show that the classical result of a p-optimal portfolio is not the most appropriate recommendation for the DM, in this particular application. Furthermore, the use of the c-optimal portfolio concept shows another portfolio that may be better than the p-optimal portfolio. Finally our proposed procedure (Section 3.3) makes a comparison among those three selected portfolios and indicates which the best is.
In this case, three portfolios are considered. The c = p = 14, c = 15 and c = 16. We should note that the c = p = 14 is the recommended by the classical PROMETHEE V approach, which we have called p-optimal portfolio, since c = p ( p is the size of the portfolio, with the classical PROMETHEE V approach).
From Figure 1 , the DM can see which outcomes for each portfolio can be obtained. Following the rationality for outranking methods, the intensity for each portfolio is not the main issue here. In non-compensatory rationality the main issues may be: a) for which criteria is one portfolio better than others?
b) how can a c-optimal portfolio be best compared with the p-optimal portfolio?
The first issue is illustrated in Table 8 , showing the advantages of portfolio C15, which is better than the p-optimal portfolio for criteria C1, C2, C3, C4 and C5. The chart in Figure 1 illustrates the outcomes that were found for each portfolio by enabling a visual comparison between them to be made. In this case, it can be seen that the advantage of C15 over the p-optimal portfolio is apparent for criteria C1 and C5. However, for criteria C2, C3 and C4 it can be observed that this advantage of portfolio C15 over the p-optimal portfolio is not notable.
The second question is analyzed by the proposed procedure given in the Section 3.3. Then, each c-optimal portfolio is compared with the p-optimal portfolio, in order to find the best one. Based on that, portfolio C15 is the best for the criteria that sum up to 0.67 of weights, when compared to the p-optimal portfolio. That is, portfolio C15 is the best for the criteria that sum up to 0.67 of weights, when compared to the p-optimal portfolio. On the other hand, the p-optimal portfolio has advantage for criteria which sum up only to 0.33 of weights. This p-optimal portfolio would be chosen applying the classical approach for PROMETHEE V.
This means that, for a non-compensatory logic, portfolio C15 may be considered better than the p-optimal portfolio. This procedure is compatible with the outranking methods concept, since it shows a degree of concordance related to the outranking relation between C15 and the p-optimal portfolio. That is, the evaluation procedure uses the concordance concept of outranking relation between two elements.
Summarizing, the procedure proposed in Section 3.3, apply an outranking and non-compensatory evaluation in order to make comparison among the feasible c-optimal portfolios found. In this case we have found only three portfolios to be compared. This shown that for this kind of problem this is not a cumbersome procedure.
Contrary to a first feeling one could take on this regard, making use of the proposed procedure and the c-optimal portfolio concept is not too cumbersome. As previously stated, one does not need to consider c-optimum portfolios with c < p. That is, it has been already proved that all class of portfolios where c < p can not have a better performance and should not be considered (Almeida & Vetschera, 2012) . This is one of the reasons why the use of this concept of c-optimal portfolio is not cumbersome. The second reason is related to the fact that many c-optimal portfolios with c > p are not feasible, since the costs for adding new projects become costly. That is, this is limited by the main constraint in this kind of portfolio analyzed. Actually, in practice, a small number of portfolios have to be compared with the procedure proposed in this paper, considering the kind of problem analyzed in the organizational context of IS project selection. Therefore, for the particular class o problems discussed and demonstrated in this paper the use of the concept of c-optimal portfolio is not at all too cumbersome to be applied.
Therefore, the numerical result given above illustrates a situation in which the classical PROMETHEE V may not be able to give the best portfolio result. However, the use of the c-optimal portfolio concept associated with the PROMETHEE V method may present a satisfactory result, still in accordance with the DM's non-compensatory rationality.
With regard to the second topic, the use of an integrated organizational process view in order to evaluate IS projects, some considerations may be given related to the results.
One of the positive aspects of the model proposed in this paper is to require the decision-maker to give information that he/she is able to supply, such as: the relative importance among the strategic criteria, the relationship between the strategic criteria and macro-processes, and the relative importance among the process criteria. The other information used in the model is obtained automatically through transfer by means of the operations with matrices and also from an information analyst, such as: the relationship of the CIS with the macro-processes, the evaluation of IFAs in relation to the technical criteria and the relationships between IFA and CIS.
Based on above observations, some Managerial Implications may be pointed out:
• The selection model proposed deals with aspects present in the problem of selecting ISs, such as the strategic vision of the organization, the vision of the processes and the technological vision.
• The multicriteria method used in the model permits aspects to be incorporated which involve the situation of the organization, internally with regard to its information needs; and externally, with respect to its positioning on the market, by means of choosing the criteria, defining the relative importance between them, and the thresholds of indifference and preference.
• The search for integration between the business vision and the IS portfolio is consolidated with the use of strategic criteria in selecting the ISs, such criteria being defined, based on the organization's strategic vision and on its critical factors for success.
• This study fills a gap in the literature of IS, which is how to tackle the problem of IS selection as a multicriteria decision problem in an IS planning context.
• The proposed model, although it presents a structure with matrices, requests information from the decision-maker that he is able to supply. The model could be easily supported by a Decision Support System, thus making it an easier tool to use and very useful for business managers and Information Systems managers, to help them in their decision taking with regard to allocating resources for IS projects.
An important issue to be considered in future studies is related to the possibility of using a visual procedure to allow the DM making the final comparison and evaluation of portfolios, since only a few feasible c-optimal portfolios is likely to be found in the procedure proposed in Section 3.3. Kiesling et al. (2011) present an interesting study related to visualization methods for multicriteria portfolio selection that may be useful for an adaptation in a future work on the kind of problem approached here.
CONCLUSION
In the model presented, the selection of ISs was conducted in a broad context of IS Planning, and thus integrated with a Planning methodology, this being developed as a stage of this methodology. The IS Planning methodology tackles the problem of integrating the IS plan with the organization's business plan as a form of aggregating value to the decision of investing in ISs. This ensures the pursuit of the organization's objectives and furthermore permits a complete study of the organizational objectives. For the Planning context, the proposal is to include more than one stage in the methodology in order to identify the most important strategic information needs which the original methodology does not undertake.
To tackle the selection of ISs, a model based on multicriteria decision-making is used, integrated with the referential methodology for IS Planning. In order to make such integration possible, an analytical structure is applied, which permits the evaluations of ISs to be obtained so as to incorporate the multicriteria method PROMETHEE V. This method is appropriate for selecting a portfolio of IS projects instead of selecting IS projects only.
Therefore, the PROMETHEE V method can be applied. In this case some aspects need to be considered. The first aspect to be considered is the non-compensatory rationality of the decisionmaker. In other words, when evaluating the alternatives, the decision-maker expresses a preference for alternatives that present a satisfactory performance in a criterion, instead of compensating for the poor performance in one criterion by a good performance in another criterion.
Another two important aspects are that the decision-maker needs to understand the meaning of the relative importance among the criteria and also the meaning of the several possibilities of function.
Also, considering recent results related to the use of PROMETHEE V, the c-optimal portfolio concept is applied in order to select the best portfolio in accordance with the DM's preferences.
A procedure for analyzing and compare the results of classical PROMETHEE V and c-optimal portfolio in PROMETHEE V is proposed and used as per the illustration given in the numerical application. Furthermore, it has been considered the possibility of future studies related to the use of visual procedures to allow the DM making the final comparison and evaluation of portfolios, such as those proposed by Kiesling et al. (2011) .
